Zooplankton 
INTRODUCTION
Small ponds (less than 1 km 2 ) are the most widespread waterbodies on Earth, but their ecological value has traditionally been neglected . Yet, these small ecosystems contribute greatly to regional diversity, largely because of their abundance and compositional dissimilarity among sites (Oertli et al., 2002; Williams et al., 2004) . However, studies on the influence of local coupled to regional factors on biodiversity and community structure of ponds are still an urgent demand (Oertli et al., 2009; Lemmens et al., 2013) . The relevance of regional analyses arose after the development of studies on aquatic metacommunities, a set of interacting communities linked by dispersal (Leibold et al., 2004) . The resulting communities should differ depending on the number of species that exchange, related to their dispersal capability (source-sink dynamics or mass effects; Leibold et al., 2004) and to regional characteristics that may affect the likelihood of arrival (connectivity, abundance of source habitats or regional species pool; . Pond biodiversity can be thus reduced when dispersal rates are limited, when geographical barriers make difficult the arrival of new species or when regional diversity is low. This should reduce similarity and increase the possibility of unique species (i.e., rarity) among ponds in a metacommunity (Leibold et al., 2004) increasing in turn beta-diversity over the region.
In addition to regional factors, local factors may increase differences among patches through species sorting, as they determine the adequate conditions for a species to establish in the new habitat (Caley and Schluter, 1997; Chase, 2003) . These include biotic interactions (Blaustein, 1998; Shurin and Allen, 2001) , tolerance ranges and resource availability (Armengol and Miracle, 1999; Frisch et al., 2006; Waterkeyn et al., 2008) . A crucial abiotic condition is water permanence or hydroperiod, as it is one of the most recurrent variables explaining invertebrate community structure (Wellborn et al., 1996; Boix et al., 2007 Boix et al., , 2008 Waterkeyn et al., 2008) . When ponds are temporary, the period of time when the pond holds water determines the survival of organisms with a certain life cycle length (Grillas et al., 2004) , so ponds with longer hydroperiod have usually higher species richness (Schneider and Frost, 1996 ; but see e.g. Lopes et al., 2014) . On the other hand, differences among ponds do not need a deterministic cause. Stochastic processes such as ecological drift or random extinction (Hubble, 2001 ) may have strong effects on community assemblages. In addition, the order in which a series of species arrive to a given habitat can have Zooplankton biodiversity and community structure vary along spatiotemporal environmental gradients in restored peridunal ponds o n l y strong effects on community composition (priority effects), resulting in the resident community inhibiting the establishment of later immigrants, which explains much of the regional variation among ponds (Leibold et al, 2004, Louette and De Meester, 2007) . Moreover, variation in historical colonization processes leading to priority effects, including the arrival and establishment of predators, is thought to be a primary mechanism creating variation among communities (Chase, 2003) .
When investigating the relative importance of determinant processes for metacommunity assemblages, an additional difficulty is that it may change with time (Mouquet et al., 2003) . Particularly considering zooplankton assemblages, successional change may become substantial even within a year (Lampert and Sommer, 2007) because their short generation times yields to an efficient response to species sorting and priority effects (Fukami, 2004; Kneitel and Chase, 2004) . One possibility to examine how the interaction of local and regional processes changes over time is following the trajectories of community assembly in recently-created habitats (Allen et al., 2011) . It has been suggested that the influence of local processes (i.e., species sorting) gain importance over spatial structures (i.e., priority effects) with the age of the ecosystem (Allen et al., 2011) . It is important to note that organisms inhabiting temporary ponds survive dry periods as resting stages that accumulate in the sediment forming egg banks. These egg banks represent a biodiversity reservoir that increases with the age of the ecosystem and buffers extinction (Brendonck and De Meester, 2003) . On the other hand, if ponds are of the same age, then the length of the hydroperiod plays an important role in determining the relative importance of stochastic and/or priority effects. In a manipulative experiment, Chase (2007) found that drought increased community similarity by acting as an environmental harsh filter and making the community more niche-assembled.
Malladas de El Saler is a set of peridunal ponds (dune slacks) restored at different moments during the last 28 years and with different hydroperiod lengths. In a previous study on a group of selected ponds, we identified a total of 100 taxa (Antón-Pardo and Armengol, 2010) . The one-year study revealed hydroperiod, conductivity and restoration age as the most relevant factors explaining this community heterogeneity. In the present study we wanted to exploit our fortnightly data (species number and density) obtained from these ponds in order to find temporal patterns of community change (species turnover) both in the local ponds and from a spatially-structured metacommunity approach. Since the area is small, dispersal is not expected to be a limiting force but a homogenizing one (Waterkeyn et al., 2008) . If dispersal is indeed unlimited we should expect, under a scenario of habitat heterogeneity, niche-selective processes accounting for an increase in among-ponds dissimilarity with restoration age (Allen et al., 2011) . On the other hand, if hydroperiod length is a strong selective force, we should expect more similar communities with decreasing hydroperiod, by filtering out species with long-life cycles from the regional pool (Chase, 2007) . We will explore these three hypotheses in our study area: 1) dispersal is not limited, 2) older ponds are more dissimilar; and 3) ponds with shorter hydroperiod are more similar. Although elucidating the relative importance of stochastic versus deterministic processes is beyond our goal, understanding the mechanisms of zooplankton assemblage over time that may be occurring in our system of restored ponds will be highly relevant to nature conservation management and policy. The additional value of our approach is twofold. On one hand, by studying one year in detail, we incorporated intra-annual temporal heterogeneity and quantified species turnover. On the other hand, we included the main groups of zooplankton organisms (rotifers, copepods and branchiopods) which have relevant relationships, an effort that is not frequently found in literature.
METHODS

Study area
The study area is located in a sandy stretch that separates the Mediterranean Sea from Albufera de Valencia, a freshwater lagoon (Fig. 1) , and it is included in the protected area of the Albufera Natural Park. The selected ponds showed marked differences in environmental variables (conductivity, macrophytes, depth), hydroperiod and restoration age. Two of the ponds were Permanent (P1-PR and P2-98), and six were temporary, but two of them had Long Hydroperiod (flooded during at least six consecutive months; LH1-98 and LH2-03) and four had Short Hydroperiod (intermittent flooding strongly determined by rainfall, with several dry periods per year: SH1-98, SH2-03, SH3-PR and SH4-98). The area was heavily altered in the 60's due to an urban development plan, but since the late 80's several restoration programs have been carried out in the now protected area. Some consecutive projects (from the local government and EU project, Life Duna: 2001 Duna: -2004 ) engaged in restoring the area by digging new ponds in their silted old basins. Four of them were created in 1998 (P2-98, LH1-98, SH1-98 and SH4-98), and two in 2003 (LH2-03 and SH2-03). Additionally in 2003, two ponds were Partially Restored by widening two small previous water bodies, (P1-PR and SH3-PR, here considered the oldest ponds because they were not totally silted in the 60's). In addition, some plant and fish species were introduced in the permanent pond (P1-PR). introduced], but all ponds house the amphibian species Rana perezi (Lopez-Seoane, 1885). Tab. 1 summarizes some characteristics of the studied ponds. Further information on the study area is described elsewhere (Antón-Pardo and Armengol, 2010; Olmo et al., 2012; Ortells et al., 2012; Antón-Pardo et al., 2013) .
Sampling
Environmental variables (including nutrient and chlorophyll a concentration) were determined fortnightly, from November 2006 -first inundation of temporary ponds after summer drought-to July 2007 as long as the ponds held water. Conductivity, temperature, pH, oxygen concentration and depth were measured in situ, while 1-L water samples were taken for subsequent analyses of chlorophyll a, phosphate and nitrate concentrations. Mean values of environmental variables and their range (minimum and maximum) are shown in Supplementary Tab. 1. On each date and pond, zooplankton was taken in an integrated sample obtained from different sites of each pond to include all possible microhabitats. To do so, a known volume of water (between 6 and 10 L) was taken using a 1L jar and filtered through a 35 µm mesh-size net. After fixation with formalin 4%, organisms were identified and counted using an inverted microscope. The individuals were identified until species level when possible following Koste (1978) for rotifers, Dussart (1969) for copepods, and Alonso (1996) and Amorós (1984) for branchiopods. 
Data analyses
At a local scale, species richness per visit and cumulative richness (the sum of all zooplankton species found in each pond during the study period) were used to graphically represent the temporal pattern of each pond. Differences in mean zooplankton richness for the group of ponds according to hydroperiod [permanent (P), long hydroperiod (LH), and short hydroperiod (SH)] and restoration [partially restored (PR), created in 1998 (1998); and created in 2003 (2003) ] were tested for each season (autumn: November and December; winter: January and February; and spring: March to June; summer was not considered, as only the permanent ponds had water), with Kruskall-Wallis analysis and post-hoc Mann-Whitney pairwise tests. i) Two parameters were calculated to assess rarity: -singularity (s), the uniqueness of the set of species in each pond (Boix et al., 2007) :
where e is the number of species exclusively found in one pond during all the study period, and S is the total number of species in that pond.
-Index of Faunal Originality (IFO; Puchalski, 1987) , which considers the occurrence of each species in the study area:
where M i is the total number of ponds where the species i was found, and S is the total number of species in that pond. At a metacommunity scale, we quantified pond differences with beta diversity values (BD) following Legendre and De Cáceres (2013) . BD values were estimated as the total variance of the community composition matrix (with chord-transformed species data) calculated from the total sum of squares of the abundance matrix. This index, which is independent of the values of alpha and gamma diversity, was computed both spatially -considering the average value of density for each species in the set of ponds over the study period-and temporally -considering taxa densities in each sampling for each pond as a surrogate for species turnover. BD values range from 0 (highly similar) to 1 (highly dissimilar). In addition, BD was partitioned in Local Contribution to Beta Diversity (LCBD) coefficients which were used as indicators of the ecological uniqueness of each site and date in terms of community composition, indicating sampling units (sites/dates) with special conservation interest or with rare species combinations (Legendre and De Cáceres, 2013) . These coefficients were calculated under the two approaches described above (spatial and temporal) and their significance was tested after 999 permutations. The analyses were performed using R 3.1.3 program (R Core Team, 2015) . The relationships between LCBD obtained for the spatial analysis and local parameters (cumulative species richness, species richness per visit, singularity and IFO) were explored with Spearman correlations. ii) Additionally, two parameters were calculated to assess similarity: -Simpson similarity Index (SI), the differences in species composition on each sampling date between pairs of ponds:
where M is the number of species coincident in two ponds, and S min is the total number of species from the pond with less taxa. This index ranges from 0 (different communities in the two ponds) to 1 (high similarity between the communities).
-Chord distance, which considers the species mean density over the sampling period:
(eq. 4) where x ji is the density of the species i in the community j, and x ki is the density of the same species in the community k. This parameter is maximum when the species found at two sites are completely different. We tested the correlation between both similarity values and the minimum geographical distance between pairs of ponds with a Mantel test. The differences among groups of ponds [hydroperiod (P, LH and SH) and age categories (PR, 1998 and 2003) ] in relation to both i) rarity, and ii) Simpson similarity index, were analyzed with Kruskal-Wallis tests, and pairwise Mann-Whitney tests. All the above mentioned statistical analyses were performed using PAST 1.81 (Hammer et al., 2008) . Spatial variables were obtained through distancebased Moran Eigenvector Maps (dbMEM) using the matrix of the UTM coordinates for each pond, following the procedure described in Dray et al. (2006) . The significance of each spatial vector (seven MEM's) was tested with 99 permutations, and the significant vectors were selected for the subsequent analysis. To test the relative influence of these spatial factors versus the most relevant environmental factors (conductivity, depth, oxygen concentration and chlorophyll a according to Antón-Pardo and Armengol, 2010) on cumulative richness, singularity and IFO, we used partial multiple regressions, and the variance explained by environmental, spatial and both variables was calculated (adjusted R 2 ). The selected models were the ones with the lowest AIC (Akaike Information Criterion). Variables were inverse-transformed to meet normality when required. This analysis was performed using R 3.1.3 program (R Core Team, 2015) .
RESULTS
During all the study period, 71 rotifer taxa, 14 cladocerans, 11 copepods, and one anostracan were found (Supplementary Tab. 2). Species richness increased monotonously over the year, except for a slight decrease in winter and spring in the permanent ponds and an increase at the same time in the long hydroperiod ponds (Fig. 2) . Despite several intermittent dry periods, SH ponds normally reached a high number of species immediately after each flooding event. The cumulative richness curves along the study period (Fig. 2) increased with different slopes among ponds, being P1-PR and LH1-98 the steepest and P2-98, SH2-03 and SH3-PR the most gradual.
In every season, the number of species normally increased with the length of hydroperiod and with restoration age (Tab. 2). In autumn, the permanent ponds had the highest richness and decreased along the seasons, but they were always richer than the short hydroperiod ponds. When considering restoration age, the partially restored ponds (P1-PR, SH3-PR) were comparable in species richness to the new ponds except in spring and the ponds restored in 1998 were the richest in winter. In contrast to new ponds, which maintained similar levels throughout the year, richness values in winter decreased in the partially restored ponds but increased in the ones restored in 1998.
Overall, cumulative species richness was higher in permanent ponds (P: 40-62) than in temporary ponds Fig. 3a) . Rotifers were the group with the highest number of species in all ponds, whereas the maximum cladoceran richness appeared in P1-PR. The highest rarity values for all the community (singularity and IFO) were found in the permanent ponds (Fig. 3b) . Among the short hydroperiod ponds, singularity in SH1-98 was high and similar to P2-98, the permanent pond restored at the same time. LH1-98 had the lowest number of exclusive species but high IFO, meaning that the species present in this pond were found in very few ponds. However, no significant differences were found in singularity or IFO among ponds grouped by their hydroperiod or restoration age.
The value of beta-diversity (BD), calculated for all the ponds, was 0.77, and none of the spatial-LCBD coefficients were statistically significant (Fig. 4a) . Similarly, no correlation was found between LCBD coefficients and richness (R ; IFO: R 2 =0.011). In the temporal analysis, temporal BD in each pond along the study period ranged from 0.56 in SH4-98 to 0.91 in SH1-98 (Fig. 4b) , and local contribution values to temporal differences (temporal LCBD) were significant on the first sampling date after pond filling in three temporary ponds (LH1-98, SH2-03, SH4-98) and in two different occasions in one permanent pond (P2-98). (Fig. 5a ) based on zooplankton assemblages was higher between the permanent ponds (SI=0.55) than between the temporary ponds with long and short hydroperiod (SI=0.35; P<0.01 and SI=0.43; P<0.05, respectively). According to restoration age (Fig.  5b) , assemblages were more similar in the newer ponds (SI=0.64) than in the rest of ponds (partially restored ponds: SI=0.38; P<0.05; ponds from 1998: SI=0.35; P<0.01). Mantel test showed no correlation between similarity (Simpson Index: R 2 =0.003; and chord distance: R 2 =0.037) and geographic distance between the ponds. Out of the seven spatial variables obtained in the Moran Eigenvector Maps, four of them were significant: the first two and the last two. Partial multiple regression showed that for IFO and richness, only environmental variables contributed to the variance, and none of the MEM's (67.38 % with depth and oxygen as selected variables for IFO, and 78.82 % with depth and conductivity for richness; Tab. 3). For singularity, depth and three spatial factors were selected for the model (all with a negative influence except the second spatial factor), with a contribution of 0.06 % by environmental variables, 21.84 % by spatial ones, and 9.85 % by their interaction. Only the models for IFO and richness were significant (P<0.05).
DISCUSSION
The spatial configuration of the ponds did not correlate with zooplankton assemblage similarity or clearly explained species singularity, confirming our expectation that dispersal is unlimited and that local factors in our system are more relevant than regional ones. Besides the short distance among the study ponds (maximum 8 km) and the apparent absence of geographical barriers, the occurrence of zooplankton dispersal vectors (such as waterbirds, humans or wind; Bilton et al., 2001; Waterkeyn et al., 2010) in the area was frequently observed. Resistant stages of zooplankton organisms have in general high dis- Frisch et al., 2007) . Our conclusions agree with other studies performed in similar spatial scales, where local factors determine species richness and community structure on permanent and temporary ponds despite high dispersal (Cottenie et al., 2003; Waterkeyn et al., 2008; Audet et al., 2013; Mimouni et al., 2015) .
All ponds increased gradually in cumulative species richness along the study period. The new species may have come either from external sources or by egg hatching from the sediment bank . However, since no pond seemed to have reached saturation, we suspect that not only dispersal is important, but also must regional diversity be high. Under this scenario of high dispersal, and given that ponds are environmentally heterogeneous due to differences in conductivity, depth, oxygen, macrophytes and predation (Antón-Pardo and Armengol, 2010), we may expect a strong influence of mass or priority effects of initial colonizers after pond creation (Shurin, 2000; Leibold et al., 2004; Louette and De Meester, 2007) , followed by a shift to control by niche processes later in time (Allen et al., 2011) which should result in higher dissimilarities among more mature, established zooplankton communities. Indeed, similarity decreased with restoration age in our system. Other studies have reported high similarity among pioneer communities in areas where dispersal was not limited Allen et al., 2011) .
In contrast, results on hydroperiod length were not in agreement with our expectations. It has been postulated that drought acts as a strong selective pressure filtering species out and resulting in more similar, niche-assembled communities (Chase, 2007) . However, we found short hydroperiod ponds less similar in species composition, as observed in another study of urban ponds drained of water during winter (Pinel-Alloul and Mimouni, 2013; Mimouni et al., 2015) . One possible explanation may rely in the environmentally different short-hydroperiod ponds, where its shortlived inhabitants are more selected on the basis of conditions in the water column rather than on drought itself. In fact, they hold the largest differences in conductivity: 5.5 mS cm -1 between SH3-PR and SH4-98. This environmental differences may be the cause of the relatively high number of rare species, which suggests specialization to particular local conditions. Another possibility is that hydroperiod was not long enough for a strong selection to take place, and thus ecological stochasticity and priority effects were responsible for their dissimilarities (Leibold et al., 2004) . This would explain that in these ponds, a high number of new species was detected after each inundation event. Every time the ponds filled, resting stages from the egg bank could have had similar possibilities to hatch, and stochastic colonization may have resulted in a considerable site-to-site variation in their composition. In a similar manner to what may have occurred through restoration age, as communities assemble along the hydroperiod, not only possibilities for establishment increase but also the importance of competition and predation (Schneider and Frost, 1996) . In permanent and longer hydroperiod habitats, local factors would then strongly influence the richness or rarity of species (Allen et al., 2011) , which increased with hydroperiod in our study system. However, the influence of local factors is not always straightforward, as counteracting ef- fects may produce synergisms that blur a specific pattern. For example, the presence of fish in the permanent ponds selectively feeding on large species (Wellborn et al., 1996; Antón-Pardo and Armengol, 2014) could be counteracted by the development of vegetation in these ponds which can be used as refuge against fish predation (Burks et al., 2002) .
Metacommunity studies are often constrained to snapshot patterns of abundance. By adding a temporal dimension to the study of zooplankton structuring, the relative importance of changes through time could be detected. For example, according to our results, and in agreement with other studies in the area , the first filling after the longest dried period (summer) revealed high relevance for community dissimilarities within ponds. The high LCBD coefficients observed have been related with a great uniqueness of species composition (Legendre and De Cáceres, 2013) , and may be supporting the idea of a high stochasticity on hatching. In addition, we have detected differences in the seasonal species richness related to hydroperiod and age. Thus, intra-annual variation has revealed an added value for building up future knowledge on community assemblage, especially in changing habitats with unpredictable flooded and dried phases as the ones here studied.
CONCLUSIONS
Altogether, the temporal monitoring of aquatic ecosystems and the comparison of habitats of different age, can help understanding the mechanisms underlying community variations at short times (one year), as well as the community divergence through longer time (decades). In our study area of 8 ponds with relatively high environmental heterogeneity, dispersal was unlimited and local factors may have played a relevant role in community structuring. We found that similarity decreased with age but increased with hydroperiod. This contrasting result may obey to the timescale considerations. A possible scenario is that during the community assembly along the hydroperiod, stochastic colonization may account for pond dissimilarity, whereas the homogenizing force of dispersal may be explaining the increase in similarity. Over time, however, niche-selective forces may have resulted in community divergence via species sorting in the different ponds. Tab. 3. Variance explained by the variables (environmental and spatial) in the partial multiple regressions for the three community parameters: singularity, IFO and cumulative species richness. 
